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Ces dernières années, les limites des systèmes d'assainissement urbain traditionnels ont été 
démontrées et de nouvelles approches ont été développées, notamment des méthodes naturelles 
pour conserver ou évacuer les eaux pluviales. Ces pratiques comprennent l'infiltration et l'utilisation de 
réservoirs de stockage afin de réduire une partie des éléments polluants. L'impact de ces pratiques 
sur la quantité et la qualité des eaux pluviales n'est pas facile à évaluer en raison de la complexité des 
processus physiques et chimiques impliqués. Les modèles intégrés des systèmes d'assainissement 
urbain jouent donc un rôle pertinent car ils fournissent des outils pour l'analyse à long terme de 
l'efficacité des structures d'infiltration. Dans cette étude, les effets du phénomène de colmatage ont 
été évalués au moyen d'une modélisation à long terme. En particulier, une approche conceptuelle de 
modélisation simplifiée pour la simulation des tranchées d'infiltration a été élaborée. L'analyse a été 
effectuée en tenant compte de la diversité des sols et des divers critères de conception. Un soin 
particulier a été porté à la simulation des structures d'infiltration, en envisageant la réduction de 
performance lors des phénomènes de colmatage. Une simulation à long terme utilisant 6 ans de 
données pluviométriques a permis d'évaluer la performance et l'efficacité d'une tranchée d'infiltration. 
L'étude a confirmé l'influence importante du phénomène de colmatage sur les structures d'infiltration. 
ABSTRACT 
In recent years, limitations linked to traditional urban drainage schemes have been pointed out and 
new approaches were developed introducing more natural methods for retaining and/or disposing of 
stormwater. Such practices include infiltration and storage tanks in order to reduce the peak flow and 
retain part of the polluting components. The impact of such practices on stormwater quantity and 
quality is not easily assessable because of the complexity of physical and chemical processes 
involved. In such cases, integrated urban drainage models may play a relevant role providing tools for 
long term analysis of infiltration structures efficiency. In this study, the effect of the clogging 
phenomenon has been assessed by means of a long term modelling approach. In particular, a 
simplified conceptual modelling approach for the simulation of the infiltration trenches has been 
worked out. The analysis has been applied considering different soils as well as different design 
criteria. Particular care was addressed to the simulation of infiltration structures considering 
performance reduction due to clogging phenomena. On the basis of a long-term simulation of 6 years 
rain data, the performance as well as the effectiveness of an infiltration trench measure are assessed. 










The need for stormwater impact mitigation is presented in the EU Water Framework Directive 60/2000 
that basically proposes a water-quality oriented view of the whole system and requires new 
sustainable approaches for disposing of stormwater (Chave, 2001). The innovative trend of minimum 
impact in the design of new drainage systems and in retrofitting the existing ones led to the 
introduction of infiltration and local storage as more ‘natural’ measures for managing stormwater in 
urban areas (Fujita, 1994; Freni et al., 2002; Dechesne, et al., 2005). In this context, infiltration basins 
are used to achieve control of storm water quality and quantity for a small catchment such as a 
parking lot, rooftop, or depressed area (Guo, 1998). Connecting roof drains to an infiltration strip or 
infiltration trench of appropriate size can increase the infiltration over a residential area by as much as 
18% of the annual rainfall depending on the soil conductivity and annual rainfall (Kronaveter et al., 
2001). Such practices demonstrated to be effective in stormwater management but related models 
and analytical approaches were slowly improved in literature depending on the complexity of the 
physical processes involved (Korkmaz and Onder, 2006). 
Guo (1998) considered trench infiltration basins to be used as a means of storm water control and 
presented analytical expressions based on two-dimensional flow. However, in his study, it seems that 
the physics of flow is inadequately described. Youngs et al. (1996) investigated the unsteady 
groundwater mound below an irrigation ditch or a leaky canal using a hydraulic sand tank model and a 
Hele-Shaw analogue. Abdulrazzak and Morel-Seytoux (1983) developed an analytical solution for 
recharge from an ephemeral stream and compared the results with a sand tank model. Gill (1984) 
gave some analytical solutions for the water table rise due to infiltration from canals for the case of 
unsteady flow. Bouwer (1965) made numerous contributions to seepage problems. He obtained 
several parameters for the effect of depth and shape of the channel and position of the groundwater 
table. Jeppson (1968) formulated several seepage problems having irregular boundaries in the 
complex potential plane using inverse functions and obtained solutions by the method of finite 
differences. Analogous models (Herbert 1970; Dechesne, et al., 2005) are capable of simulating more 
complex geometries but are expensive to construct and not easily modified (Chin 1991).  
Numerical methods based on finite difference or finite element discretization have not been used 
extensively for solution of these types of problems, due to the difficulty arising from the unknown 
location of the free surface and the need to solve the problem iteratively for the entire solution domain; 
at the opposite, simplified methods based on one-dimensional approximation of the infiltration process 
are preferred for their simple and inexpensive application (Demetracopoulos and Hadjitheodorou, 
1996). Apart their easiness of use, simplified models may be constrained to highly restrictive 
hypotheses leading to excessive safety factors when used for design or unreliable results when used 
for efficiency analysis.  
These considerations suggested the improvements of mathematical models for the analysis of these 
structures considering their inclusion in integrated urban drainage models, i.e. models that analyse 
jointly the sewer systems, the wastewater treatment plants and the receiving water bodies (Rauch et 
al, 2002). While the analysis of local storages is generally straightforward, the analysis of infiltration 
measures is hampered by the complexity of the infiltration process. More specifically, during the filling 
and the emptying of the infiltration structure and along with soil saturation, wide modifications of the 
infiltration phenomenon can be observed making the process very complex to be fully interpreted and 
then formulated by means of mathematical models (Mikkelsen et al., 1996; Guo, 2001).  
In the case that one dimension of the infiltration structure is much longer than the others, infiltration 
can be considered as a 2D phenomenon (Duchene et al., 1994; Akan, 2002). If the soil is 
homogeneous for a sufficient depth, infiltration paths become sensibly linear and vertical at some 
distance from the bottom of the trench (Figure 1). Following these considerations, several simplified 
modelling and design approaches use 1D infiltration models that are easier to be handled than 2D and 
3D ones. These approaches generally are based on either a constant infiltration rate (Jonasson, 1984; 
Pratt and Powell, 1993; Wong et al., 2001; Argue and Pezzaniti, 2003) or they consider dynamic 
conditions assuming infiltration rates that are variable with the time and depend on soil saturation 
(Barraud et al., 2002; Freni et al., 2004; Dechesne et al., 2005; Browne et al., 2008).  
As aforementioned, clogging is another relevant phenomenon that should be considered in infiltration 
facility modelling because it affects its efficiency over time. Clogging is due to the presence of 
sediments in the runoff which ones entered in the infiltration structure, accumulate and therefore 
reduce its mitigation capacity and its effective volume. The clogging phenomenon can affect any 
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infiltration structure characterized by stormwater storage (even temporary) that cannot be periodically 
cleaned. Focusing attention on infiltration facilities, clogging depends on hydrological factors, 
catchment characteristics, structure geometry, vegetation/root density/depth (if vegetated) and soil and 
organic matter properties. In particular, at the beginning of the infiltration trench life cycle, when the 
structure is still new, infiltration takes place both through the bottom and the sides. Over time, due to 
the fact that sediments accumulate both in the bottom and along the structure sides, the clogging 
phenomenon takes place causing progressive waterproofing of the structure and consequently it 




Figure 1. 2D representation of infiltration phenomena 
Some studies have been carried out in the past years in order to develop parsimonious approaches to 
be integrated in catchment-scale urban drainage models maintaining a high level of simplification but 
taking into account clogging and time-variant infiltration rates. Schluter et al. (2007) presented a model 
for infiltration trenches that is aimed to be integrated in the new version of Infoworks for a catchment 
scale wide approach. The model is based on the Darcy’s law and the finite volume method. Although 
the model provided an excellent prediction of the outflow flow from the infiltration trench system it 
neglects infiltration rates that are variable in time, clogging phenomenon and in general do not take 
quality aspects into account. Recently, Furumai et al. (2005) considered a catchment wide approach 
for assessing the effect of mitigation measures on the reduction of the stormwater. In particular, 
Furumai et al. consider Infoworks CS for modelling the infiltration facilities employing two different 
methods. One of those methods, which takes clogging phenomenon into account, provided better 
results in terms of capability of fitting the measured data. The authors concluded that the clogging 
phenomenon has to be taken into account for a correct simulation of infiltration facilities. Accordingly, 
Freni and Oliveri (2005) considered an application of infiltration mitigation measures implementing it in 
EPA SWMM urban drainage model: only quantity aspects have been modelled neglecting any 
reduction of the mitigation measures efficiency during its life span.  
In the past, a lot of research efforts have been provided for analyzing different infiltration structures in 
order to evaluate their performance in terms of stormwater quality improvements; however, studies 
about how sedimentation and clogging affect infiltration structure performance have been piecemeal, 
consisting mainly of individual case-studies from monitoring programs in North America, Europe, 
Australia and Japan (Kronaveter et al., 2001; Imbe et al., 2002; Markus et al., 2002; DAYWATER, 
2003; Siriwardene et al., 2007). Indeed, very few existing models take clogging into account and, 
following a literature research on infiltration trench modelling, it may be concluded that most available 
models of stormwater infiltration systems are either very simple purpose-built infiltration models or 
complex general unsaturated soil flow models that could be very accurate but are relatively difficult to 
adopt and therefore are rarely used (Browne et al., 2008).  
The present study is aimed at studying the effect of soil type on the clogging phenomenon on 
infiltration structure by means of long term analysis as it reduces both the effective structure volume 
(depending on sediment depositions) and its infiltration capacity (because of fine material that 
progressively seals soil voids). The analysis was carried out by long term simulations of different 
trench specific volumes and different soil types. The analysis has been performed considering 
hypothetical trench located in the experimental catchment of Parco d’Orlèans (Palermo, Italy).  
 
2 THE ADOPTED MODELS 
The adopted model simulates the hydraulics of infiltration structures hypothesising that it operates as a 
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non-linear reservoir, equipped with a weir that simulates the overflows to the drainage system and a 




QQQ infwin   (1) 
where V is the volume stored in the structure, Qin is the inflow from the contributing catchment, Qinf is 
the infiltration flow and Qw is the outflow from the weir. 
The outflow discharge Qw is evaluated considering a simple rectangular weir having the same width B 
of the infiltration structure. Discharge can be computed with the following formula: 
ghBhQ Ww 2  (2) 
where μw is the weir coefficient (assumed equal to 0.4), g is the gravity acceleration and h is the water 




















where s and 0 are respectively the saturated and the initial moisture contents, 
  is the capillary 
suction, F is the cumulative infiltration volume and the other symbols have the definitions given above. 
Aeff here is defined as “effective infiltration area”; it is the horizontal area below the structure bottom 
where the infiltration paths start to be linear and vertical parallel. Further details about the model may 
be found in Freni et al.(2009). In synthesis, Aeff becomes the fundamental model parameter to be 
calibrated both when the infiltration structure is clean and when clogging takes part. Freni et al. (2009) 
proposed two correlation relationships to link Aeff to the infiltration structure bottom area Aeff,0 and to 
the sediment level hsed. 
Once defined Aeff, the proposed model simulates the clogging processes inside the infiltration structure 







   (4) 
where sed
M
 is the variation of the mass captured inside the structure, Msed,in and Msed,out represent, 
respectively, the mass inflow from the catchment and mass outflow by the weir to the sewer (the mass 
outflow by infiltration is considered null); Qin and Qw are the inflow and outflow weir discharge, Cin and 
Cw are the respective suspended solid concentrations and Ttot is the event duration. The distribution of 
solids on the bottom area in the infiltration structure is considered uniform and hsed is computed by 
dividing the intercepted mass by sediment bulk density (Table 2), infiltration structure void ratio and 
bottom area. This assumption neglects the solid accumulation on the wall and it is supported by the 
fact that such solids, which come from the catchment wash-off, are not cohesive (Ashley et al., 2004). 
Moreover, according to model conceptualization, the effect of sediments on infiltration is totally 
deputed to the estimation of effective area Aeff thus globally taking into account both the resistance 
effect on the trench bottom and on the side walls. Further, clogging is modelled by means of a mass 
balance (eq. 4) therefore not modelling the particle sedimentation explicitly.  
Inflow Qin and suspended solid concentration Cin are evaluated with a lumped conceptual model flow 
and sediment loads from the catchment (Mannina et al., 2004; Mannina, 2005). The model is able to 
simulate the main phenomena that take place both in the catchment and in the sewer network during 
storm events. It is divided into two independent modules: a hydrological and hydraulic module, which 
calculates the hydrographs at the outlet of the surface catchment and at the outlet of the sewer 
system, and a solid transport module, which calculates the pollutographs for different pollutants (TSS, 
BOD and COD). The hydrological module evaluates the net rainfall, considering a loss function (initial 
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and continuous). From the net rainfall, the hydraulic module simulates the rainfall-runoff process and 
the flow propagation with a cascade of two different reservoirs. 
The solid transport module reproduces the accumulation and propagation of solids in the catchment 
and in the sewer network. The main phenomena simulated are: build-up and wash-off of pollutants 
from catchment surfaces, and sedimentation and resuspension of pollutants in the sewers (Bertrand–
Krajewski et al., 1993). To simulate the build-up on the catchment surfaces, an exponential function 
was adopted (Alley and Smith, 1981). In order to simulate the solid wash-off caused by overland flow 
during a storm event, the formulation proposed by Jewell and Adrian (1978) is adopted. 
The particle size that can be found on impervious surfaces can range from very fine to coarse and the 
median diameter can vary between 30 m and 500 m (Deletic et al., 1997). Rainfall and overland 
flow are able to lift into suspension only fine particles; particularly it was observed that the median 
diameter of suspended solids in overland flow is about 80 – 100 m (Chebbo et al., 1990). In the 
present study, two particle classes are adopted in order to properly simulate different types of 
sediment transport (Table 1). In relation to the characteristic of the hydraulic conditions, the fine ones 
(d50 = 50 μm) are transported as suspended load while the coarse ones (d50 = 500 μm) are mainly 
transported as bed load. 
 
Class of particles 1 2 
percentage 50 50
diameter [μm] 50 500
bulk density [kg/m3] 1600 2000
specific gravity 1.6 2
Table 1. Particle classes adopted in the model 
Model calibration was performed in a previous study (Mannina et al., 2004) and it has been omitted in 
the present paper for the sake of conciseness. The calibration has been carried out by means of water 
quantity and quality registrations carried out in the experimental catchment during a two month 
campaign. The discharge in the sewer system has been measured with a time step equal to 30 
seconds while TSS, BOD and COD have been measured with a 24 bottles sampler started at the 
beginning of rainfall events. Calibration has been performed on catchment hydrological and hydraulic 
parameters and on wash-off and build-up parameters according to Alley-Smith approach (1981). 
However, in the present study, only overland rainfall-runoff phenomena are considered because the 
infiltration trench is considered directly fed by surface runoff. 
For the study, the following structure characteristics were considered: trench specific volume equal to 
40 m3 per hectare of connected impervious area; filling material void ratio equal to 0.5, trench cross-
sectional area equal to 2 m X 2 m; trench length was computed accordingly to the connected 
impervious area and to the design specific volume. 
In order to evaluate the infiltration structure behaviour at rainfall event scale, the stormwater volume 



















 is the input water volume from the catchment, out
V
 is the output water volume to the sewer 
and the other symbols have the definitions given above. The continuous simulations were run for four 
different soil classes, reported in table 2, and two commonly adopted design specific volumes: (20 and 
40 m3/haimp) in order to analyze the effect of clogging on infiltration structure efficiency in the long 
term. In fact, the volume results to have a major role not only in term of runoff reduction efficiency but 













Sand Gravel Unit 
Soil  
characteristics 
s 0.45 0.43  0.44  0.55 - 
0 0.05 0.04  0.02  0.01 - 
  0.11 0.10  0.09  0.08 m 
ks 2.18 6.12  23.41  36 cm/h 
Table 2. Soil characteristics and parameters 
3 THE ANALYSED CASE STUDY 
In order to evaluate, on one hand, the proposed model reliability and, on the other hand, long term 
infiltration structure efficiency, an application has been carried out on an experimental catchment in 
Palermo (Italy), called Parco d’Orlèans. The Parco d’Orlèans experimental urban catchment is located 
in the University Campus of Palermo, Italy (Figure 2). Its total drainage surface is 12.8 ha with 68% of 








Figure 2. The experimental catchment of Parco d’Orlèans (Palermo, Italy). 
Rainfall data have been collected since 1994 with a tipping bucket raingauge and data logger at 
maximum time resolution of 1 second (Aronica and Cannarozzo, 2000). Discharge data have been 
collected since the same year with an ultrasonic flow meter installed at the basin outlet. From this 
archive, a 6-year continuous rainfall series was extracted and used for the simulations (Table 3). This 
choice was driven by considerations about the life cycle of such structure that, although it is extremely 
variable depending on installation conditions, ranges between 5 and 10 years (DAYWATER, 2003). 
 
 1994* 1995 1996 1997 1998 1999 
Rainfall depth [mm] 285 552 655 602 634 582 
N° Events (Vrain>2mm) 22 56 63 73 66 57 
Average ADWP [days] 5.5 4.5 3.8 4.3 4.1 4.6 
Average rainfall intensity [mm/h] 7.2 8.5 9.7 7.7 5.8 6.2 
Maximum 5min rainfall intensity [mm/h] 37.8 42.2 57.8 36.5 40.2 42.8 
Maximum 10min rainfall intensity [mm/h] 27.3 28.5 34.3 22.4 33.6 29.2 
Maximum 15min rainfall intensity [mm/h] 22.1 23.2 25.6 19.8 22.7 24.2 
* 6 months 
Table 3. Characteristics of the adopted rainfall time series. 
 
Starting from the database outlined above, a long term simulation has been carried out considering different soil 
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types in order to assess their effect on the clogging phenomena. Further, the effect of the infiltration trench 
dimension has been quantified as well.  
4 RESULTS ANALYSIS 
Infiltration structure efficiency dependency on its specific volume and type of soil is showed in Figures 
3 and 4 (20 m3/haimp) and Figures 5 and 6 (40 m
3/haimp). In details, figure 3 shows efficiencies 
regarding the runoff volume versus the number of rainfall events (figure 3a) and the overall rainfall 
volume for the entire simulated period (figure 3b). Figure 4 shows the same graphs regarding 
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Figure 3. Infiltration structure water efficiency in terms (a) of number of rainfall events and (b) in terms of 





























Figure 4. Infiltration structure TSS efficiency in terms (a) of number of rainfall events and (b) in terms of cumulated 
TSS  for a design specific volume of 20 m3/ha. 
 
The results allow for some interesting considerations: 
- figure 3 confirms that, in Mediterranean climate characterised by short and intense rainfall events 
(Aronica and Freni 2005), infiltration facilities can totally intercept only a small percentage of the 
total rainfall events (less then 40% in sandy loam soils) corresponding to an even smaller 
percentage of rainfall volume (less than 5% of the total runoff volume);  
- runoff reduction efficiency decreases rapidly considering longer and more intense events (right 
side of the graphs in figure 3) highlighting that infiltration measures have marginal efficiency in 
peak flow control. Average runoff volume reduction in the analyzed period is lower than 20% for 
sandy-loam and loamy-sand, lower than 45% for sand and around 60% for gravel (Table 5); 
- TSS mass reduction efficiency is much higher showing that this kind of structure is suitable to 
stormwater quality mitigation. Results in table 5 show that even the lower design specific volume 
considered allows for average event mitigation efficiencies in terms of overall sediment mass 
between 40% and 80% depending on the soil type. Figure 4 shows that the 70% of the events 
have TSS reduction efficiencies higher than 50%; the number of events showing the total 
intercepted of solids is comparable with figures obtained for runoff volume interception;  
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- the efficiencies rise when considering 40 m3/haimp design volumes (Figures 5 and 6) but the 
amount of events that are totally intercepted remains lower than 65% for gravel soils allowing for 
about 15 - 20 discharges per year to the sewer system. This value is higher than experiences 
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Figure 5. Infiltration structure water efficiency in terms (a) of number of rainfall events and (b) in terms of 






























Figure 6. Infiltration structure TSS efficiency in terms (a) of number of rainfall events and (b) in terms of cumulated 
TSS for a design specific volume of 40 m3/ha. 
 
5 CONCLUSIONS 
A simplified infiltration trench model was applied in order to evaluate the long term efficiency of 
 
INFILTRATION STRUCTURE SPECIFIC 
VOLUME 












Sandy-loam 17.91 41.75 30.27 55.81 
Loamy-Sand 23.27 48.33 38.92 63.74 
Sand 43.56 65.94 65.76 83.38 
Gravel 59.95 78.69 80.43 92.08 
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infiltration trenches in different soil conditions and considering two different design criteria. The results 
showed that the infiltration devices are more effective for the quality than for the quantity control.  
Runoff reduction efficiency decreases rapidly considering longer and more intense events highlighting 
that infiltration measures have marginal efficiency in peak flow control. TSS mass reduction efficiency 
is much higher showing that this kind of structure is suitable to stormwater quality mitigation.  
The efficiencies rise when considering higher specific design volumes but the amount of events that 
are totally intercepted remains low because of the climatic characteristics of the area. The effect of 
climate is also displayed by the short difference between the two considered infiltration device specific 
volumes confirming that, in the Mediterranean area, large volume increments are needed for slightly 
increasing mitigation efficiencies: even in the most favourable soil conditions, the structure having 40 
m3/haimp generated overflows in almost the 20% of the simulated events meaning by this a spill 
frequency of 9-10 events per year. 
Infiltration structures still maintain a good performance also considering the clogging and the absence 
of any pre-treatment structure. At the same time, the Mediterranean characteristics of adopted rainfall 
data showed that infiltration device efficiency is lower than the results presented in literature.  
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